The strong quasi-one-dimensional antiferromagnetism and the electronic structure of AgSO 4 are investigated by performing the first-principles density functional calculations. The results show that the strong quasi-one-dimensional antiferromagnetic coupling in AgSO 4 is along [1 11] diagonal of the unit cell. The superexchange interaction between the Ag1 4d Divalent silver compounds received attention due to the pursuit of superconductivity in transition-metal compounds other than the cuprates. [1] [2] [3] [4] [5] The possibility of observing superconductivity in Ag(II) compounds with antiferromagnetism is still very much an open topic. AgSO 4 containing the strongly oxidizing Ag(II) ion is antiferromagnetic (AFM). 6 However, in contrast to the undoped cuprates that are two-dimensional AFM insulators, AgSO 4 was measured to be a strong onedimensional (1 D) AFM insulator. Previous studies proposed a pathway for the 1 D AFM coupling that is along one of the diagonals of the triclinic unit cell. 6, 7 However, the generalized gradient approximation (GGA) þ U results 6 gave a much smaller nearest neighbor exchange constant 6.2 meV (Ref. 8) compared to the experimental one 20 meV. 6 Therefore, the pathway of 1 D AFM coupling in AgSO 4 has not yet been well understood. In the present work, we investigated the electronic structure, especially the pathway of 1 D AFM coupling in AgSO 4 using density-functional theory (DFT) total-energy calculations. We found that the strong 1 D AFM coupling in AgSO 4 is along [1 11] orbitals. We also found that AgSO 4 is a charge-transfer insulator.
Our electronic structure calculations are performed by using the full-potential linearized augmented plane-wave plus local-orbital code WIEN2k. 9 Exchange and correlation effects are taken into account in local-spin-density approximation (LSDA) 10 to DFT. 11 We take the structure data of Ref. 6 in the calculations. The muffin-tin sphere radii are chosen to be 2.08, 1.4, and 1.15 bohr for Ag, S, and O atoms, respectively. The value of R MT K max (the smallest muffin-tin radius multiplied by the maximum k value in the expansion of plane waves in the basis set) is set to 5.0 and 100 k points (i.e., 32 k points in the irreducible wedge of the Brillouin zone) are used over the first Brillouin zone. A 2 Â 2 Â 1 supercell having eight Ag ions is used to study the magnetic properties. To account for the strong electron correlations, the LSDA plus Hubbard U (LSDA þ U) are carried out.
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U ¼ 3 À 5 eV are thought to be the proper Ag 4d electron correlations. 13, 15 The triclinic crystal structure of AgSO 4 contains planar rectangular AgO 4 units that are connected by SO 4 tetrahedra to form a three-dimensional network, see Fig. 1 . The cornered and the body-centered Ag sites are unequivalent. We will notate the cornered Ag as Ag1 and the body-centered Ag as Ag2. In our calculations, we use local xyz coordinates for each AgO 4 planar rectangular units. Take the bodycentered Ag2 site as an example, the z 2 axis is perpendicular to the Ag2O 4 plane and the x 2 and y 2 axes are approximately along the Ag-O bond, see Fig. 1 .
In a regular square crystal field, the Ag 4d orbitals are split into highest energy d x 2 Ày 2 orbital, two middle energy d Therefore in the following, we will focus on the superexchange only along the [1 11] diagonal of the unit cell.
To confirm our expectation, we consider four spin configurations of AFM1 (interchain and intrachain AFM), AFM2 (intrachain AFM, interchain ferromagnetic (FM)), FM1 (intrachain FM, interchain AFM), and FM2 (interchain and intrachain FM). All the spin configurations converge to metallic solution within the LSDA calculations, which is in accordance with the GGA results given by Malinowski et al. 6 To include the Ag 4 d electron correlation, we also performed LSDAþU calculations. Within the LSDAþU, AgSO 4 exhibit the insulating nature. The total energies of the the calculated supercell and the magnetic moments for Ag and O atoms by LSDAþU (U ¼ 3 eV) are shown in Table I . It is obvious that the AFM1 spin configuration is the ground state, which is lower in energy than FM1 and FM2 by 219 meV and 473 meV, respectively, but only 20 meV lower in energy than AFM2. This implies the strong intrachain AFM coupling with very weak interchain AFM coupling in AgSO 4 .
To gain additional insight into the strong intrachain exchange interaction in AgSO 4 , we have evaluated the magnetic exchange constants along the chain in terms of the Heisenberg spin Hamiltonian:
By mapping the obtained total energy for each spin configuration to the nearest neighbor Heisenberg model, the exchange interaction J is
With the spin S ¼ 1/2 of a 4d 9 Ag 2þ ion, we get J ¼ À28 meV. This value reduces to À25 meV (À22 meV) when U ¼ 4 eV (U ¼ 5 eV). The obtained J values when U ¼ 3À5 eV further confirm the strong antiferromagnetic coupling along the [1 11 ] diagonal of the unit cell and are well comparable to the experimental one. 6 Therefore we conclude that the 1 D antiferromagnetic coupling is along the [1 11 ] diagonal of the triclinic unit cell. The obtained much better superexchange J than that in Ref. 6 is interesting. The main reason might be that the full potential LAPW is more sophisticated than psuedopotential plane-wave method in dealing with the Ag-based compounds. 13, 14 In Fig. 3 , we show the DOS results of AFM1 ground state in LSDA þ U (U ¼ 3 eV). The insulating gap exists clearly. The partially occupied Ag1 4d Table I ). The DOS within LDSA þ U has a large contribution from O 2p states and a small contribution from Ag 4 d states in the occupied regions from À2 to 0.0 eV. As a result, the excitations will mainly be the O 2p À Ag 4d. Excitations from O 2p to Ag 4d states are signatures of a charge transfer insulator (CTI). Therefore AgSO 4 has the characteristics of CTI. By means of LDA and LSDA þ U electronic structure calculations, we have proved that the strong one dimensional antiferromagnetic coupling in AgSO 4 is along the [1 11] diagonal of the unit cell. The obtained intrachain exchange constants are in accordance with the experimental one with U ¼ 3À5 eV. The antiferromagnetic exchange interaction happens between the Ag1 4d x 2 
